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© An apparatus for controlling the diameter of cigarettes to be manufactured by means of a cigarette 
production machine. 



© A control apparatus according to the present 
invention comprises a hinge (52,54,56) for rockably 
supporting a second upper mold (46), which is uti- 
lized for the final formation of a tobacco rod (T w ), 
right over a lower mold (30) of a cigarette production 
machine, an adjusting device (73) for adjusting the 
diameter of the tobacco rod (T w ) by rocking the 
second upper mold (46), a pulse motor (76) for use 
as a drive source for the adjusting device (73), a pair 



of sensors (156,158) for measuring diametrical 
widths (D v ,Dh) of the formed tobacco rod (TW) with 
respect to two directions perpendicular to each oth- 
er, a central processing unit (180) for controlling the 
drive of the pulse motor (76) in accordance with 
output signals from the sensors (156,158) so that the 
diameter of the tobacco rod (T w ) to be formed are 
within an allowable range, by means of a drive 
controller (184) for the pulse motor (76). 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a control ap- 
paratus incorporated in a cigarette production ma- 
chine and used to control the diameter of ciga- 
rettes or a tobacco rod during the formation there- 
of. 

Description of the Related Art 

In a process for running an elongate paper in 
one direction, a cigarette production machine first 
forms a tobacco rod while continuously wrapping 
shredded tobacco in the paper, and then cuts the 
formed tobacco rod into individual cigarettes with a 
predetermined length. 

More specifically, the tobacco rod is formed in 
the following manner. On receiving the shredded 
tobacco, the paper travels on a lower mold. During 
this traveling process, the paper is first curved by 
means of the lower mold into a U-shaped configu- 
ration such that it envelops the shredded tobacco 
from below. As the U-shaped paper passes be- 
tween the lower mold and a first upper mold, 
thereafter, one side of the paper is curved by 
means of the first upper mold into an arcuate 
configuration such that it overhangs the shredded 
tobacco. As the U-shaped paper then passes be- 
tween the lower mold and a second upper mold, 
moreover, the other side of the paper is also 
curved by means of the second upper mold into an 
arcuate configuration such that it overhangs the 
shredded tobacco in like manner. At the same 
time, the other side of the paper is lapped and 
pasted on the one side, whereupon the tobacco rod 
is completed. 

Since the tobacco rod is continuously formed 
by means of the lower and upper molds while the 
paper is traveling, as described above, it is very 
difficult to stabilize the diameter of the formed 
tobacco rod. Inevitably, therefore, the diameter of 
the tobacco rod varies in some measure during 
production. 

If the diameter of the tobacco rod is greater 
than allowable limits, however, the width of a lap 
portion at which the opposite side edges of the 
paper meet is so narrow that the two edges cannot 
be perfectly pasted together, and the shredded 
tobacco cannot be wrapped in the paper in some 
cases. 

After the cigarettes are produced in this man- 
ner, filter cigar ttes may be obtained by connecting 
a filter plug to each cigarette by means of a tip 
paper piece. If the diameter of the cigarettes or 
tobacco rod is subject to a substantial variation, in 
this case, the connection of each cigarette and the 



filter plug by means of the tip paper piece is 
imperfect. 

Thus, if the diameter of the tobacco rod is too 
small, a gap is inevitably formed between the tip 

5 paper piece and each cigarette due to the dif- 
ference in diameter between the filter plug and the 
cigarette. Since this gap causes an undesirable 
increase of the amount of air which flows through 
the filter plug into a smoker's mouth, constituents 

to of tobacco smoke change, thereby exerting a bad 
influence upon the taste of tobacco. 

If the diameter of the tobacco rod is too large, 
on the other hand, the compressive force of the 
paper on the shredded tobacco is so small that the 

is tobacco may slip out of the cut end of the ciga- 
rette, or that the cigarette itself is liable to be 
deformed or spoiled in external appearance. 

If the difference in diameter between the filter 
plug and the cigarette is great, moreover, the tip 

20 paper piece is liable to winding failure, so that it 
creases. Thus, the external appearance of the filter 
cigarette is considerably damaged. 

In consideration of these circumstances, an 
operator of the cigarette production machine moni- 

25 tors the lap width of the tobacco rod during the 
operation of the machine. If the lap width is de- 
viated from an allowable range, the operator must 
manually operates the second upper mold to adjust 
its position with respect to the lower mold. The 

30 diameter of the tobacco rod can be set within the 
allowable range by this adjustment. 

Visual inspection of the lap width of the to- 
bacco rod is very difficult, however, since the to- 
bacco rod itself is traveling at high speed with 

35 deflection. Since the position of the second upper 
mold is manually adjusted, moreover, the accuracy 
of the position adjustment depends substantially on 
the operator's skill. 

Accordingly, there is a demand for the devel- 

40 opment of an apparatus which can automatically 
adjust the diameter of the tobacco rod, and this 
development first requires an accurate measure- 
ment of the rod diameter. As mentioned before, 
however, the tobacco rod undergoes deflection as 

45 it travels, so that measuring its diameter is a very 
hard task. 

SUMMARY OF THE INVENTION 

so The object of the present invention is to pro- 
vide an apparatus capable of accurately measuring 
the diameter of a tobacco rod and automatically 
adjusting the rod diameter within an allowable 
range on the basis of the measurement result. 

55 The above object is achieved by a control 

apparatus according to the present invention, which 
is applied to a cigarette production machine of the 
aforementioned type. The cigarette production ma- 
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chine comprises a lower mold, a first upper mold, a 
second upper mold, cutting means for cutting a 
formed tobacco rod into individual cigar ttes, and 
paste applying means for applying paste to the 
other side edge of a U-shaped paper curved by 
means of the lower mold before the paper passes 
the second upper mold. 

The control apparatus of the invention com- 
prises supporting means for supporting the second 
upper mold right over the lower mold, adjusting 
means for varying the position of the second upper 
mold with respect to the lower mold in cooperation 
with the supporting means, thereby adjusting the 
diameter of the tobacco rod to be formed, measur- 
ing means for measuring diametrical widths of the 
formed tobacco rod or cigarettes with respect to 
different directions and outputting measurement re- 
sults, and control means for controlling the adjust- 
ing means in accordance with the measurement 
results so that the diameter of the tobacco rod to 
be formed are within an allowable range. 

According to the control apparatus described 
above, the diametrical widths of the formed to- 
bacco rod are measured with respect to two direc- 
tions perpendicular to each other by means of the 
measuring means, and the measurement results 
are supplied to the control means. Based on the 
measurement results, the control means calculates 
the diameter of the tobacco rod, and determines 
whether or not these diameters are within the al- 
lowable range. If the diameter of the tobacco rod is 
deviated from the allowable range, the control 
means controls the adjusting means to change the 
position of the second upper mold with respect to 
the lower moid, thereby setting the diameter of the 
tobacco rod to be formed within the allowable 
range. 

If the above control apparatus is incorporated 
in the cigarette production machine, the diameter 
of the tobacco rod to be formed is controlled to be 
within the allowable range, so that a lap portion of 
the paper of the tobacco rod cannot be subject to 
any bonding failure. Accordingly, the quality of. the 
cigarettes obtained by cutting the tobacco rod 
afterward can be improved. In producing filter ciga- 
rettes by connecting a filter plug to each cigarette, 
moreover, a tip paper piece can be satisfactorily 
wound around the cigarette and filter plug if the rod 
diameter is stable. Thus, the quality of the filter 
cigarettes can be also improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention, together with its obj cts 
and advantages, will be more fully understood from 
the ensuing detailed description and the accom- 
panying drawings, which are given by way of il- 
lustration only, and thus, are not limitative of the 



present invention, and wherein: 

Fig. 1 is a front view schematically showing a 
cigarette production machine; 
Fig. 2 is a schematic view for illustrating the 
5 function of the cigarette production machine of 
Fig. 1; 

Fig. 3 is a sectional view taken along line HI-HI of 
Fig. 2; 

Fig. 4 is a sectional view taken along line IV-IV 
w of Fig. 2; 

Fig. 5 is a sectional view taken along line V-V of 
Fig. 2; 

Fig. 6 is a sectional view taken along line VI-VI 
of Fig. 2; 

75 Fig. 7 is a perspective view illustrating part of a 
formed tobacco rod; 

Fig. 8 is a sectional view illustrating 
supporting/adjusting mechanism for a second 
upper mold shown in Fig. 6; 

20 Fig. 9 is a fragmentary view taken in the direc- 
tion of arrow IX of Fig. 8; 
Fig. 10 is a longitudinal sectional view illustrating 
a diameter measuring section; 
Fig. 11 is a cross-sectional view illustrating an 

25 inlet piece, intermediate piece, and output piece 
shown in Fig. 10; 

Fig. 12 is a longitudinal sectional view illustrating 
the inlet piece, intermediate piece, and output 
piece shown in Fig. 10; 

30 Fig. 13 is a diagram for illustrating the principle 
of measurement of a sensor for detecting one 
diametrical width.of the tobacco rod; 
Fig. 14 is a block diagram showing a control 
device for a pulse motor; 

35 Figs. 15, 16 and 17 are flow charts showing a 
diameter control routine; and 
Fig. 18 is a graph showing the relationship be- 
tween the rotational angle of the pulse motor 
and the deviation between a target diameter and 

40 the actual diameter of the formed tobacco rod. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

45 Referring now to Figs. 1 and 2, there is shown 

a cigarette production machine which comprises a 
supply section 2 for shredded tobacco T. The 
supply section 2 includes a supply drum 4, which 
is located in the bottom portion of a chimney 6. 

so The supply drum 4 serves to guide the shredded 
tobacco T into the chimney 6, and the chimney 6 
to suck up the tobacco T together with air. 

The top portion of the chimney 6 is covered by 
a conveyor unit 8, one end of which xtends from 

55 the chimney 6. The conveyor unit 8 has a metallic 
conveyor belt 10 built-in, which is overspread with 
a number of small holes. Thus, the shredded to- 
bacco T, sucked up together with an air current in 
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the chimney 6, is caught by the conveyor belt 10, 
that is, it is attracted to the lower surface of the belt 
10 to form a layer thereon. As the conveyor belt 10 
travels, therefore, the shredded tobacco T is trans- 
ported to the left of Figs. 1 and 2 from the supply 
section 2. 

A trimming device 12 (see Fig. 2), which is 
disposed right under the conveyor belt 10, serves 
to adjust the thickness of the shredded tobacco T 
adhering to the belt 10. More specifically, the de- 
vice 12 includes a rotatable trimming disk 18, 
which scrapes off a part of the shredded tobacco T 
from the conveyor belt 10 by rotating. Thus, the 
thickness of the shredded tobacco T on the con- 
veyor belt 1 0, that is, the amount of tobacco supply 
from the conveyor unit 8 is adjusted by regulating 
the space between the belt 10 and the trimming 
disk 18. 

A wrapping section 16 extends from the one 
end portion of the conveyor unit 8. The shredded 
tobacco T supplied from the conveyor unit 8 is 
transferred to the surface of a paper 22 which is 
joined together with a cloth garniture tape 20. As 
the garniture tape 20 travels, the paper 22 is deliv- 
ered from a paper roll (not shown). 

As shown in Fig. 2, the garniture tape 20 is 
passed around a number of rollers. That portion of 
the tape 20 which is situated between a pair of 
rollers 24 and 26, among the other rollers, extends 
horizontally in the wrapping section 16. 

Further, the garniture tape 20 is passed around 
a driving drum 28 so that it travels past the drum 
28. Thus, when the driving drum 28 is rotated in 
one direction by means of a drive source (not 
shown) for rotation, the garniture tape 20 travels in 
the direction indicated by the arrow in Fig. 2. 

As the garniture tape 20 travels in this manner, 
the paper 22 on the tape 20, along with the shred- 
ded tobacco T thereon, travels in the one direction, 
and enters the wrapping section 16. 

In the wrapping section 16, the configuration of 
travel path of the paper 22 varies in the manner 
shown in Figs. 3 to 6. As the paper 22, along with 
the shredded tobacco T thereon, travels along the 
travel path, therefore, the tobacco T is wrapped in 
the paper 22, whereby a continuous tobacco rod 
T w is formed. 

The following is a detailed description of the 
wrapping section 16. The wrapping section 16 is 
provided with a lower mold 30 which is formed of 
an elongate plate. The lower mold 30 extends 
horizontally in the traveling direction of the paper 
22 or the garniture tape 20. The upper-course 
portion of the top face of the lower mold 30, with 
respect to the traveling direction of paper 22, is a 
flat surface, as shown in Fig. 3. Therefore, the 
garniture tape 20 is in sliding contact with this flat 
surface as it travels together with the paper 22. 



That portion of the top face of the lower mold 
30 which is situated on the lower-course side of the 
flat surface is formed as a guide tongue (not 
shown). This guide tongue is formed of a recess 
s which gradually converges into a traveling groove 
32 (see Fig. 4) with a semicircular cross section 
with distance from the upper-course side, with re- 
spect to the traveling direction of the garniture tape 
20. 

10 On the top face of the lower mold 30, as shown 

in Fig. 4, a pair of side guides 34 are arranged 
individually along the opposite side edges of the 
guide tongue. The space between facing guide 
surfaces 35 of the side guides 34 is also reduced 

75 so as to converge into the traveling groove 32. The 
guide surfaces 35 ascend so that the distance 
between them increases upward. 

When the paper 22, along with the shredded 
tobacco T, is introduced into the guide tongue and 

20 the space between the side guides 34 as the 
garniture tape 20 travels, both side edges of the 
paper 22 are lifted, as shown in Fig. 4. When the 
paper 22 enters the traveling groove 32, thereafter, 
its central portion is curved into a semicircular 

25 configuration. Thus, the guide tongue and the side 
guides 34 make the paper 22 U-shaped in cross 
section in a manner such that the shredded to- 
bacco T is wrapped in the paper 22 from below. 
Thus, the U-shaped paper 22 has a pair of sides 

30 and a curved portion connecting the sides. 

The garniture tape 20 has a width substantially 
equal to the length of the circular arc of the travel- 
ing groove 32, and the groove 32 extends to the 
lower-course end of the lower mold 30. 

35 A first upper mold 36 is set on the top face of 

the lower mold 30. The mold 36, which is situated 
on the lower-course side of the side guides 34, 
extends along one side of the traveling groove 32. 
As shown in Fig. 5, the first upper mold 36 has a 

40 lid portion 38 which hangs over the traveling 
groove 32, and an arcuate groove 40 is formed in 
the lower surface of the lid portion 38 so as to 
extend facing the traveling groove 32. The groove 
40 has a half- funnel-shaped configuration (not 

45 shown) such that it spreads out toward the side 
guides 34. 

Further, the upper-course part of the lid portion 
38 of the first upper mold 36 is obliquely cut off 
and the lid portion 38 has an oblique end crossing 

so the traveling groove 32. This oblique end con- 
stitutes a guide edge. When the U- shaped paper 
22 travels past the first upper mold 36, therefore, 
one side of the paper 22 is pushed into the arcuate 
groove 40 in a manner such that it is guided by the 

55 guide edge of the lid portion 38. Thus, the one side 
of the paper 22 is curved in the form of a circular 
arc such that it envelops the shredded tobacco T 
from above. Here it is to be noted that the one side 
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(not clearly shown in Fig. 5) of the paper 22 ex- 
tends along the arcuate groove 40 to a position just 
beyond the top portion of th groove 40. 

After the one side of the paper 22 is curv d in 
this manner, paste is applied to the other side edge 
of the paper .22 by means of a paste applicator 42 
(see Fig. 2). More specifically, the paste applicator 
42 includes an applicator disk 44, which is in- 
dicated by two-dot chain line in Fig. 5. The disk 44 
is brought into rolling contact with the other side 
edge of the paper 22, thereby applying a predeter- 
mined amount of paste on this side edge. 

Further, a second upper mold 46 is set on the 
top face of the lower mold 30 so as to be situated 
on the lower-course side of the first upper mold 36. 
The second upper mold 46 is continuous with the 
first upper mold 36. Unlike the first one, however, 
the second upper mold 46 extends along the other 
side of the traveling groove 32. 

The second upper mold 46, like the first upper 
mold 36, has a lid portion 48 which hangs over the 
traveling groove 32, and an arcuate groove 50 is 
formed in the lower surface of the lid portion 48 so 
as to extend facing the traveling groove 32. The 
groove 50, like the arcuate groove 40. has a half- 
funnel-shaped configuration, and the lid portion 48 
has an oblique end which constitutes a guide edge. 
The guide edge of the lid portion 48 is inclined in 
the opposite direction to that of the lid portion 38. 

When the paper 22 in the state shown in Fig. 5 
travels past the second upper mold 46, therefore, 
the other side of the paper 22 is pushed into the 
arcuate groove 50 in a manner such that it is 
guided by the guide edge of the lid portion 48. 
Thus, the other side of the paper 22 is curved in 
the form of a circular arc such that it envelops the 
shredded tobacco T from above. 

At this time, the other side of the paper 22 is 
lapped on and bonded to the previously curved 
one side. Thus, when the paper 22 travels past the 
second upper mold 46, the continuous tobacco rod 
T w , such as the one shown in Fig. 7, is discharged 
from between the lower mold 30 and the second 
upper mold 46. 

In this embodiment, the second upper mold 46 
is supported for a vertical displacement such that it 
approaches and leaves the lower mold 30. Accord- 
ingly, the inside diameter of a formation path for 
the tobacco rod T w , which is defined by the travel- 
ing groove 32 and the arcuate groove 50 of the 
second upper mold 46, can be varied depending 
on the vertical position of the mold 46. Thus, the 
diameter of the tobacco rod T w to be formed can 
be adjusted. It is to be understood that when the 
rod diameter is adjusted in this manner, the lap 
width W of the opposite sides of the paper 22, in 
the tobacco rod T w shown in Fig. 7, is adjusted at 
the same time. 



Figs. 8 and 9 show in detail supporting 
/adjusting mechanism for the vertical displacement 
of the second upper mold 46. The following is a 
description of the mechanism. 

5 The second upper mold 46 includes a pair of 

lugs 52, which protrude from that side face of the 
mold 46 on the opposite side to the lid portion 48. 
As shown in Fig. 9, these lugs 52 are spaced in the 
traveling direction of the tobacco rod T w , and are 

10 rotatably connected to their corresponding brackets 
56 by means of hinge pins 54, individually. Thus, 
the second upper mold 46 is vertically swingable 
around the pins 54. 

The brackets 56 are fixedly mounted on a 

75 support base 58 of the lower mold 30. The base 58 
is mounted on a main frame 60 of the cigarette 
production machine. 

A driving arm 70 is mounted on the top face of 
the second upper mold 46 by means of a connect- 

20 ing plate 68. The plate 68 and the arm 70 are 
formed integrally with each other. The driving arm 
70 projects in the opposite direction to the lugs 52 
from the second upper mold 46. A grip 72 is 
attached to the central portion of the upper surface 

25 of the driving arm 70, the distal end of which is 
connected to the adjusting device 73. 

The adjusting device 73 is provided with a gear 
housing 74 which is fixed to the main frame 60, 
and a reversible pulse motor 76 is mounted on the 

30 lower surface of the housing 74. The motor 76 has 
an output shaft 78 which projects into the gear 
housing 74, and an output gear 82 is mounted on 
the output shaft 78 by means of a key 80. 

A screw housing 84 is mounted on the upper 

35 surface of the gear housing 74. The housing 84 has 
an open-topped cylinder hole. A stepped screw 
shaft 86 penetrates the bottom wall of the cylinder 
hole of the screw housing 84. The screw shaft 86 
has a large- and small-diameter screw portions 

40 arranged from bottom to top, and the large-diam- 
eter screw portion threadedly penetrates the bot- 
tom wall of the screw housing 84. Thus, the lower 
end of the shaft 86 projects into the gear housing 
74. A driving gear 88, which is mounted on the 

45 lower end of the screw shaft 86, is in mesh with the 
output gear 82 of the pulse motor 76. 

A lift cylinder 90 is slidably fitted in the cyl- 
inder hole of the screw housing 84. The small- 
diameter screw portion of the screw shaft 86 is 

50 penetratingly screwed in the lift cylinder 90. A hole 
having a diameter larger than that of the large- 
diameter portion of the screw shaft 86 is formed in 
the bottom face of the lift cylinder 90, and an axial 
groove 92 is formed in the outer peripheral surface 

55 of th cylinder 90. A stopper key 94, which is fitted 
in the groove 92, is fixed to the screw housing 84. 
Thus, the lift cylinder 90 is prevented from rotating 
around its own axis, although it is movable in the 
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axial direction. 

A projecting piece 96 is formed integrally on 
the upper end of the cylinder 90, which projects 
from the screw housing 84. The piece 96, which 
extends toward the driving arm 70 of the second 
upper mold 46, is fitted with a pad 98 which 
supports the distal end of the arm 70 from below. 

Meanwhile, a bracket 100 is mounted on the 
upper end of the lift cylinder 90 so as to be 
situated on the opposite side thereof to the projec- 
ting piece 96. The lower end of clamp lever 102 is 
rockably set up on the bracket 100 by means of a 
hinge pin 104. As seen from Fig. 9, the clamp lever 
102 is in the form of an inverted tuning fork, and a 
grip 106 is attached to the upper end of the lever 
102. 

A toggle link 108 is disposed in the clamp 
lever 102. The upper end of the link 108 is roc- 
kably mounted on the ciamp lever 102 by means 
of a hinge pin 110. 

A clamp arm 112 penetrates the lower part of 
the clamp lever 102. One end of the clamp arm 
112 extends toward the driving arm 70, and a 
setscrew 114 is screwed in the one end of the arm 
112. The distal end portion of the driving arm 70 is 
held between the setscrew 114 and the pad 98 on 
the projecting piece 96. 

The other end portion of the clamp arm 112, 
which is bifurcated, holds the lower end portion of 
the toggle link 108 from both sides. It is bent 
downward from the position where it projects out- 
side the clamp lever 102. The bifurcated portion of 
the clamp arm 112 is rockably mounted on the 
lower end of the toggle link 108 by means of a 
hinge pin 116, on the one side, and is rockably 
connected to a tail portion 118, which extends 
integrally from the bracket 100, by means of a 
hinge pin 120, on the other side. 

Thus, when the clamp lever 102 is set up 
vertically, as shown in Fig. 8, the distal end portion 
of the driving arm 70 is held between the pad 98 
and the setscrew 114 under a predetermined force 
of pressure. When the clamp lever 102, in this 
state, is rocked in the direction of arrow X of Fig. 8, 
the clamp arm 112 also rocks in the direction of 
arrow X around the hinge pin 120, whereupon the 
driving arm 70 is allowed to be released from the 
hold. 

When the pulse motor 76 is driven, in the 
adjusting device 73 described above, the rotation 
of the output gear 82 of the motor 76 is transmitted 
to the screw shaft 86 via the driving gear 88, 
thereby rotating the shaft 86 and raising or lower- 
ing it with respect to the screw housing 84. 

As the screw shaft 86 ascends or descends 
while rotating in this manner, the lift cylinder 90 
also ascends or descends at the same time. Ac- 
cordingly, the driving arm 70 is rocked in the 



direction of arrow Y of Fig. 8 around the hinge pin 
54 with its distal end kept between the pad 98 of 
the cylinder 90 and the setscrew 114 of the clamp 
arm 112. As a result, the second upper mold 46, 

5 along with the driving arm 70, also rocks in like 
manner, whereupon the position of mold 46 relative 
to the lower mold 30 is adjusted. 

As seen again from Fig. 2, a pair of dryers 122 
and 1 24 are successively arranged on the lower- 

70 course side of the second upper mold 46. These 
dryers 122 and 124 are situated right over the 
lower mold 30. Thus, the tobacco rod T w travels 
right under the dryers 122 and 124 immediately 
after passing the second upper mold 46, whereby 

15 the paste on the lap portion of the rod T w is dried. 

The tobacco rod T w , thus dried by means of 
the dryers 122 and 124, comes out from the travel- 
ing groove 32 of the lower mold 30, travels past a 
feed-in deflector 126, and is supplied to a cutting 

20 section 128. The feed-in deflector 126 serves auto- 
matically to adjust the timing for the supply of the 
tobacco rod T w at the start of the operation of the 
cigarette production machine. The cutting section 
128 cuts the tobacco rod T w into pieces or ciga- 

25 rettes T s having a fixed length. Thereafter, the 
cigarettes T s are successively fed and guided 
along a rail 130, and are then supplied to the next 
stage by means of a kicker 1 32. 

A density measuring section 134 and a diam- 

30 eter measuring section 136 are successively ar- 
ranged between the cutting section 128 and the 
feed-in deflector 126, the former being situated 
closer to the cutting section 128. As shown in Fig. 
1, the density measuring section 134 is incor- 

35 porated into the housing of the cutting section 128. 
The measuring sections 134 and 136 are used to 
measure the filling density of the shredded tobacco 
T in the tobacco rod T w and the diameter of the 
rod T w , respectively. 

40 The density measuring section 134 includes a 
scanning head (not shown) and a measuring circuit 
(not shown). The scanning head emits radiation 
toward the tobacco rod T w . The measuring circuit 
detects the radiation transmitted through the to- 

45 bacco rod T w , and calculates the filling density of 
the shredded tobacco T in accordance with the 
result of the detection. The output of the measuring 
circuit is supplied to the trimming device 12, 
whereupon the device 12 adjusts the delivery of 

50 the shredded tobacco T onto the paper 22 on the 
basis of the output from the measuring circuit, that 
is, the tobacco filling density. More specifically, the 
disk 18 of the trimming device 12 moves up and 
down, depending on the tobacco filling density, 

55 whereby th thickness of the shredded tobacco T 
on the conveyor belt 10 is adjusted. 

Figs. 10, 11 and 12 show the diameter measur- 
ing section 136 in detail. The following is a descrip- 
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tion of this measuring s ction 136. 

As shown in Fig. 10, the diameter measuring 
section 136 is provid d with a housing 138. Th 
housing 138 includes cover plates 140 and 142 
which face feed-in deflector 126 and the density 
measuring section 134, respectively. Pipe-shaped 
inlet and outlet pieces 144 and 146 are attached to 
the cover plates 140 and 142, respectively. Further, 
the housing 138 has a partition wall 148 therein 
which extends parallel to the cover plates 140 and 
142, and a pipe-shaped intermediate piece 150 is 
penetratingly attached to the wall 148. 

The pieces 144, 150 and 146, which are ar- 
ranged coaxially with one another, define the path 
of travel of the tobacco rod T w . Thus, the tobacco 
rod T w delivered from the feed-in deflector 126 is 
guided in the inlet piece 144, intermediate piece 
150, and outlet piece 146 in succession as it 
passes through the housing 1 38. 

As seen from Figs. 11 and 12, moreover, the 
internal passage of the inlet piece 144 is gradually 
spread toward its inlet port, and the upper portion 
of the inlet port of the piece 144 is cut aslant. 
Therefore, the formed tobacco rod T w can be 
smoothly guided into the inlet piece 144 with stabil- 
ity. 

The partition wall 148 divides the inside of the 
housing 138 into two compartments 152 and 154, 
front and rear with respect to the traveling direction 
of the tobacco rod T w . Sensors 156 and 158 for 
detecting diametrical widths of the tobacco rod T w 
are contained in the compartments 152 and 154, 
respectively. 

The sensor 156 has a case which spans the 
path of travel of the tobacco rod T w . The case 
includes a projector portion 160 and a receptor 
portion 162 which horizontally face each other 
across the traveling path of the tobacco rod T w . 
The projector portion 160 emits laser beams, which 
passes through a gap between the inlet piece 144 
and the intermediate piece 150, and is received by 
the receptor portion 162. Thus, the sensor 156 
measures the diametrical width of the tobacco rod 
T w with respect to the vertical direction, on the 
basis of the laser beams having reached the recep- 
tor portion 162. 

Referring to Fig. 13, there is shown the princi- 
ple of measurement of the sensor "156. In this 
embodiment, the projector portion 160 includes a 
semiconductor laser element 164 and a collimator 
lens 166 for collimating the laser beams from the 
semiconductor element 164 into parallel beams. 
The receptor portion 162, on the other hand, in- 
cludes a linear photodiode array 166. On r ceiving 
the laser beams from the projector portion 160, 
each photodiode of the array 166 outputs a recep- 
tor voltage. The deliv ry of the output from each 
photodiode of th array 166 is detected by scan- 



ning for each period, and the output voltage Is 
converted into a pulse signal. 

Thus, when the tobacco rod T w passes be- 
twe n the projector portion 160 and the receptor 

5 portion 162 of the sensor 156, as shown in Fig. 13, 
that part of the laser beams from the projector 
portion 160 which are intercepted by the rod T w 
cannot reach the receptor portion 162. In the array 
166 of the receptor portion 162, therefore, no re- 

70 ceptor voltage is delivered from the photodiodes in 
those regions which are intercepted by the tobacco 
rod T w , and the receptor voltage is delivered only 
from the photodiodes in the other regions. Accord- 
ingly, if only low-level pulse signals are counted 

75 out of the pulse signals indicative of the presence 
of outputs from the individual photodiodes of the 
array 166, then the resulting value indicates the 
number of those photodiodes which are intercepted 
by the tobacco rod T w - Thus, the vertical width of 

20 the tobacco rod T w is measured on the basis of the 
count value and the interval between the 
photodiodes. 

The pulse signals are converted into video 
signals as required, and the video signals are sup- 

25 plied to a CRT (not shown). In this case, the 
vertical width of the tobacco rod T w is displayed on 
the CRT. 

On the other hand, the sensor 158, which has 
the same construction and principle of measure- 
30 ment as the sensor 156, is arranged so that its 
projector and receptor portions 160 and 162 verti- 
cally face each other. Laser beams emitted from 
the projector portion 160 of the sensor 158 can 
pass through a gap between the intermediate piece 

35 150 and the outlet piece 146 to reach the receptor 
portion 162. Thus, the sensor 158 measures the 
diametrical width of the tobacco rod T w with re- 
spect to the horizontal direction. 

In this embodiment, moreover, two pairs of 

40 delivery passages 168 and 170 for compressed air, 
besides the internal passage for guiding the to- 
bacco rod T w , are defined in the intermediate piece 
150. One end of each of the delivery passages 168 
is connected to its corresponding jet 172, while the 

45 other end thereof is connected to a pneumatic 
pressure source by means of a supply hose 174. 
Each jet 172 opens in the outer peripheral surface 
of the intermediate piece 150, and its axis is di- 
rected to the projector or receptor portion 160 or 

50 162 of the sensor 1 56 corresponding thereto. 

Also, one end of each of the delivery passages 
170 is connected to its corresponding jet 176, 
which opens to the projector or receptor portion 
160 or 162 of the sensor 158 corresponding ther - 

55 to, while the other end of the passage 170 is 
connected to the pneumatic pressure source by 
means of the supply hose 174. An end portion (not 
shown) of the hose 174 is branched, and each 
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branch end is connected to its corresponding deliv- 
ery passage. 

If the interm diate piece 150 is thus provided 
with the jets 172 and 176, compressed air can be 
ejected from the jets 172 and 176 toward the 
projector and receptor portions 160 and 162 of the 
sensors 156 and 158, respectively, during the op- 
eration of the production machine. By doing this, 
dust or the like adhering to the projector and re- 
ceptor portions 160 and 162 can be brown off to be 
removed. Thus, the measuring accuracy of the 
sensors 156 and 158 cannot be adversely affected 
by dust or the like. 

A duct hole 153, which opens into the respec- 
tive bottom portions of the compartments 152 and 
154, is connected to a negative pressure source 
(not shown) by means of a suction hose (not 
shown). Thus, the dust or the like removed from 
the projector and receptor portions 160 and 162 of 
the sensors 156 and 158 can be prevented from 
adhering again to the portions 160 and 162, and 
besides, floating dust or the like in the housing 138 
can be efficiently discharged from the housing 138. 

The values of the diametrical widths of the 
tobacco rod T w measured individually by means of 
the sensors 156 and 158 are utilized for the drive 
control of the adjusting device 73 of the second 
upper mold 46, that is, the pulse motor 76. A 
control circuit for the motor 76 is shown in Fig. 14. 

The sensors 156 and 158 are connected to a 
central processing unit or CPU 180 through an 
arithmetic circuit 178. The arithmetic circuit 178 
calculates diametrical widths D H and D v of the 
tobacco rod T w with respect to two directions per- 
pendicular to each other in the aforesaid manner in 
response to the sensor signals, that is, the pulse 
signals from the individual sensors, and supplies 
these diametrical widths D H and D v to the CPU 
180. The diametrical widths D H and D v are supplied 
to a host computer 182, as well as to the CPU 180, 
and the computer 182 utilizes the measured dia- 
metrical widths D H and Dv as data for quality con- 
trol, for example. 

Meanwhile, a target value of the diameter can 
be applied to the CPU 180, and the manipulated 
variable of the pulse motor 76, that is, a target 
rotational angle of the output shaft of the motor 67, 
is calculated in the CPU 180 in accordance with 
the target diameter D 0 and the measured diamet- 
rical widths D H and D v . The computed target rota- 
tional angle is supplied to a drive controller 184 of 
the pulse motor 76, whereupon the controller 184 
controls the drive of the motor 76 so that the actual 
rotational angle of the motor 76 is equal to the 
computed target rotational angle. 

The above-described diameter control routine 
is shown in the flow charts of Figs. 15, 16 and 17. 
Referring now to these flow charts, the diameter 



control routine will be described. 

[Diameter Control Routine] 

5 First, the CPU 180 reads the diametrical widths 

D Hl D v and D 0 (Step S1), and calculates an aver- 
age diameter D A of the tobacco rod T w on the 
basis of the diametrical widths D H and Dv accord- 
ing to the following equation (Step S2). 

w 

Da - (D H + D v )/2. 

The average diameter D A of the tobacco rod 
T w , computed according to this equation, is a value 

75 which accurately represents the virtual diameter of 
the rod T w even if the travel of the rod T w is 
subject to any deflection, or if the profile of the rod 
T w is elliptic. 

A diameter deviation A D between the target 

20 diameter D 0 and the average diameter D A is cal- 
culated according to the following equation (Step 
S3), and a rotational angle N of the pulse motor 76 
is calculated on the basis of the diameter deviation 
A D (Step S4). 

25 

A D = D 0 ■ D A . 

More specifically, the rotational angle N of the 
motor corresponding to the diameter deviation A D 

30 is calculated with reference to the graph of Fig. 18 
in Step S4. Thus, as seen from the graph of Fig. 
18, the greater the value of the diameter deviation 
A D, positive or negative, the greater the value of 
the rotational angle N, positive or negative, is. 

35 When the rotational angle N of the motor is 

computed, whether or not the average diameter D A 
is larger than a maximum allowable diameter D MAX 
and whether or not the average diameter D A is 
smaller than a minimum allowable diameter D M i N 

40 are determined in succession in Steps S5 and S6, 
respectively. If the decisions in these steps are NO, 
then it is concluded that the computed average 
diameter D A is within an allowable range. In this 
case, therefore, the program returns to Step S1 

45 without the drive of the pulse motor 76, and the 
process of Step S1 and its subsequent processes 
are executed repeatedly. 

If the decision in Step S5 is YES, however, the 
program proceeds to Step S7 of Fig. 16, where- 

50 upon the computed rotational angle N of the pulse 
motor 76 is delivered from the CPU 180 to the 
drive controller 184. Thereupon, the controller 184 
actually drives the pulse motor 76. Where the 
decision of Step S5 is YES, in this case, the 

55 diameter deviation A D takes a negative value, so 
that the rotational angle N of the motor also takes a 
negative value. Accordingly, the pulse motor 76 is 
rotated in a direction such that the second upper 
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mold 46 is rocked toward the lower mold 30. As a 
result, the sectional area of the formation path for 
the tobacco rod T w , which is defin d by the ar- 
cuate groove 50 of the second upper mold 46 and 
the traveling groove 32 of the lower mold 30, is 5 
substantially diminished, so that the diameter of the 
tobacco rod Tw formed thereafter is reduced to- 
ward the target diameter value D 0 . 

After the rotational angle N of the motor is 
outputted, whether or not the value of the angle N to 
is smaller than a lower limit value N MIN is deter- 
mined in Step S8. If the decision in Step S8 is NO, 
the program returns to Step S1 of Fig. 15, where- 
upon the process of Step S1 and its subsequent 
processes are executed repeatedly. If the decision 75 
in Step S8 is YES, on the other hand, a first 
abnormal signal, which indicates that the diameter 
of the tobacco rod T w is extraordinarily large, is 
outputted in Step S9. Thus, if the rotational angle N 
is smaller than the lower limit value N MlN , then it is 20 
concluded that the diameter of the tobacco rod T w 
is too large or beyond the allowable limits, as seen 
from Fig. 18. Preferably, in this situation, the first 
abnormal signal should be outputted at once to 
inform an operator of the abnormal state. According 25 
to the flow charts, the program returns from Step 
S9 to Step S1 after the first abnormal signal is 
outputted. Alternatively, however, the program may 
be designed so that the CPU 1 80 outputs a signal 
for stopping the operation of the cigarette produc- 30 
tion machine after the process of Step 9 is ex- 
ecuted and the execution of the diameter control 
routine is finished. 

If the decision in Step S6 is YES, on the other 
hand, the program proceeds to Step S10 of Fig. 35 
17, whereupon the computed rotational angle N is 
outputted. If the decision in Step S6 is YES, in this 
case, the diameter deviation A D takes a positive 
value. In order to rock the second upper mold 46 
away from the lower mold 30, therefore, the pulse 40 
motor 76 is rotated in the direction opposite to the 
direction for the aforesaid case, whereby the diam- 
eter of the tobacco rod T w is increased toward the 
target diameter value D 0 . 

After the rotational angle N is outputted, also in 45 
this case, whether or not the value of the angle N 
is larger than the upper limit value N MAX is deter- 
mined in Step S11. If the decision in Step S11 is 
YES, a second abnormal signal, which indicates 
that the diameter of the tobacco rod T w is extraor- so 
dinarily small, is outputted in Step S12 for the 
same reason as aforesaid, whereupon the program 
returns to Step SI. Also in this case, the CPU 180 
can output the signal for stopping the operation of 
the cigarett production machin after the second 55 
abnormal signal is outputted. 

According to the diameter control routine de- 
scribed above, if the diameter of the tobacco rod 



T w calculated in accordance with the sensor sig- 
nals from the sensors 156 and 158, that is, th 
av rag diameter D A , is deviated from the allowa- 
ble range (between the maximum diameter D M ax 
and the minimum diameter D M | N ), the pulse motor 
76 is rotated in a predetermined direction, so that 
the position of the second upper mold 46 with 
respect to the lower mold 30 is adjusted. In this 
manner, the diameter of the tobacco rod T w can be 
automatically set within the allowable range. 

Thus, the diameter of the tobacco rod T w or 
cigarettes manufactured by means of the cigarette 
production machine can be stabilized. Accordingly, 
the width of the lap portion of the paper 22 of the 
tobacco rod T w can be maintained with reliability, 
so that the lap portion is subject to no bonding 
failure. If the diameter of the cigarettes is stabi- 
lized, moreover, a tip paper piece can be wound 
with stability, thereafter, to connect each cigarette 
and a filter plug. 

It is to be understood that the present invention 
is not limited to the embodiment described above, 
and that various changes and modifications may be 
effected therein by one skilled in the art without 
departing from the scope or spirit of the invention, 
if the second upper mold is supported so as to be 
shiftabie in the vertical direction, for example, its 
position with respect to the lower mold 30 can be 
adjusted as it moves up and down. 

According to the foregoing embodiment, more- 
over, the sensors 156 and 158 are contained in the 
same housing. Alternatively, however, one of these 
sensors may be located on the lower-course side 
of the density measuring section. In short, the 
sensors 156 and 158 can be positioned without any 
special restrictions. 

According to the embodiment described here- 
in, furthermore, the diameter of the tobacco rod T w 
is obtained from the simple average of the diamet- 
rical widths detected by means of the sensors 156 
and 158. However, the average diameter D A may 
be computed by various methods. In consideration 
.of the manufacturing processes for the tobacco rod 
T w , for example, the diameter of the tobacco rod 
T w may be obtained from a weighted average of 
the diametrical widths measured by the sensors. 

Claims 

1. An apparatus for controlling the diameter of 
cigarettes manufactured by means of a ciga- 
rette production machine, which includes a 
lower mold (30) defining the path of travel of a 
paper (22) supplied with shredded tobacco (T), 
the lower mold (22) forming the paper (22) into 
a U-shaped configuration as the paper (22) 
travels, the U- shaped paper (22) having a pair 
of sides and a curved portion connecting the 
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sides and enveloping the shredded tobacco (T) 
from below, a first upper mold (34) located 
right over the lower mold (30), the first upper 
mold (34) forming the one side of the U- 
shaped paper (22) into an arcuate configuration 5 
as the paper (22 ) travels, the formed one side 
enveloping the shredded tobacco (T) from 
above, a second upper mold (46) located on 
the lower-course side of the first upper mold 
(34) with respect to the path of travel, the 10 
second upper mold (46) forming the other side 
of the paper (22) into an arcuate configuration 
so that the other side is lapped on the one 
side as the paper travels, the formed other 
side enveloping the shredded tobacco (T) from 75 
above, paste applying means (44) for applying 
paste to the other side edge of the paper (22) 
before the paper reaches the second upper 
mold (46), so that the opposite side edges of 
the paper (22) are bonded to each other when 20 
the other side of the paper (22) is formed into 
the arcuate configuration, whereby a tobacco 
rod is formed such that the shredded tobacco 
is entirely enveloped in the paper, and cutting 
means (128) for cutting the formed tobacco 25 
rod into individual cigarettes with a predeter- 
mined length, characterized in that said ap- 
paratus comprises: 

supporting means (52,54,56) for supporting 
the second upper mold (46) right over the 30 
lower mold (30); 

adjusting means (73) for varying the posi- 
tion of the second upper moid (46) with re- 
spect to the lower mold (30) in cooperation 
with said supporting means, thereby adjusting 35 
the diameter of the tobacco rod (T w ) to be 
formed; 

measuring means (156,158) for measuring 
diametrical widths (D Vl D H ) of the tobacco rod 
(T w ) or cigarettes with respect to different di- aq 
rections and outputting measurement results; 
and 

control means (180,184) for controlling the 
adjusting means (73) in accordance with the 
measurement results so that the diameter of 45 
the tobacco rod (T w ) to be formed are within 
an allowable range. 

2. An apparatus according to claim 1, character- 
ized in that said measuring means includes a 50 
pair of optical sensors (156,158) for detecting 
diametrical widths (D V) D H ) of the tobacco rod 
(T w ) with respect to two directions perpendicu- 
lar to each other. 



the tobacco rod (T w ), a receptor portion (162) 
for receiving the laser beams from the projec- 
tor portion (160) and outputting a detection 
signal corresponding to that part of the laser 
beams intercepted by the tobacco rod (T w ), 
and an arithmetic unit (178) for calculating the 
diametrical width of the tobacco rod (T w ) in 
accordance with the detection signal from the 
receptor portion (162). 

4. An apparatus according to claim 3, character- 
ized in that said measuring means further in- 
cludes a housing (138) containing the pair of 
sensors (156,158) and allowing the passage of 
the tobacco rod (T w ) therein and a holder 
(144,146,150) in the housing (138) for guiding 
the tobacco rod (T w ) in transit. 

5. An apparatus according to claim 4, character- 
ized in that said holder includes an inlet piece 
(144) or introducing the tobacco rod (T w ) into 
the housing (138), an outlet piece (146) for 
discharging the tobacco rod (T w ) from the 
housing (138), and an intermediate piece (150) 
located between the inlet piece (144) and the 
outlet piece (146), said pieces being each 
formed of a pipe member for guiding the to- 
bacco rod (T w ) and situated on the same axis 
with one another, the projector and receptor 
portions (160,162) of one of said paired sen- 
sors facing each other across a gap between 
the inlet piece (144) and the intermediate piece 
(150), and the projector and receptor portions 
(160,162) of the other sensor facing each other 
across a gap between the intermediate piece 
(150) and the outlet piece (146). 

6. An apparatus according to claim 5, character- 
ized in that said measuring means further in- 
cludes cleaning means for cleaning the re- 
spective projector and receptor portions 
(160,162) of the sensors (156,158) by blowing 
compressed air against the projector and re- 
ceptor portions. 

7. An apparatus according to claim 6, character- 
ized in that said cleaning means includes jets 
(172,176) in the intermediate piece (150), 
through which the compressed air is ejected 
toward the respective projector and receptor 
portions (160,162) of the sensors (156,158). 

8. An apparatus according to claim 7, character- 
ized in tat said cleaning means further includes 
a duct hole (153) through which air in the 
housing (138) is discharged. 



3. An apparatus according to claim 2, character- 
ized in that each said sensor includes a projec- 
tor portion (160) for emitting laser beams to 
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9. An apparatus according to claim 2, character- 
ized in that said control means includes a first 
step for calculating th average diameter (D A ) 
of the tobacco rod (T w ) in accordance wilh 
outputs from the sensors (156,158), a second 5 
step for calculating the deviation (A D) be- 
tween the calculated average diameter (D A ) 

and a preset target diameter of the tobacco 
rod (T w ), a third step for calculating the ma- 
nipulated variable of the adjusting means (73) 10 
in accordance with the calculated deviation, 
and a fourth step for supplying the manipu- 
lated variable, calculated in the third step, to 
the adjusting means (73) when the calculated 
average diameter (D A ) is deviated from the J5 
allowable range. 

10. An apparatus according to claim 9, character- 
ized in that said control means further includes 

a fifth step for outputting an abnormal signal 20 
when the manipulated variable calculated in 
the third step is greater than a predetermined 
value. 
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